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Introduction 43
In the context of studies of the interactions between climate change and the 44 oceanic biological carbon (C) pump, the barium (Ba) proxy is a key tracer to 45 estimate the transfer of particulate matter and C from the water column to the 46 sediments. Particulate biogenic barium (P_Ba) in suspended matter is mainly 47 composed of barite (BaSO 4 ) crystals (Dehairs et al., 1980) . Barite forms during 48 particulate organic carbon (POC) degradation by marine prokaryotes at 49 mesopelagic depths (100-1000 m; the depth range within which most of the POC 50 transported from the mixed layer is degraded). In an ocean that is globally 51 undersaturated with respect to barite (Monnin et al., 1999 , Rushdi et al., 2000 52 Monnin and Cividini, 2006) POC sinking aggregates provide favourable 53 microenvironments for barite precipitation. As a result, P_Ba barite is one of the 54 few geochemical proxies for POC remineralization fluxes at mesopelagic depths 55 (Dehairs et al., 1997 (Dehairs et al., , 2008 Cardinal et al., 2005; Jacquet et al., 2008 Jacquet et al., , 2011 Jacquet et al., , 56 2015 . 57
It has been shown that dissolved Ba (D_Ba) behaves as a bio-intermediate 58 element, i.e. showing low concentrations in surface waters without reaching total 59 depletion and increasing concentrations with depth (Chan et al., 1977 (Chan et al., , Östlund et 60 al., 1987 Jeandel et al., 1996; Jacquet et al., 2005) . This distribution is mainly 61 attributed to P_Ba cycling involving barite formation and dissolution. The Ba 62 dynamics have been investigated in a previous study in the Southern Ocean by 63 comparing temporal changes of dissolved and particulate barium contents and by 64 calculating the degree of Ba conservation (Jacquet et al., 2007) . It has been 65 concluded that D_Ba displays a non-conservative behaviour at horizons of 66 mesopelagic POC remineralization, pointing to a measureable removal of D_Ba 67 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   5 The present work provides a unique D_Ba dataset for the Mediterranean 93 basin. The high sampling resolution offers unprecedented opportunity to discuss 94 differences in the water column D_Ba distribution and the water column 95 saturation with respect to barite between WMed and EMed, and to investigate the 96 respective roles of physico-chemical and biogeochemical controls. This work is 97 part of a broader investigation aiming at improving the use of Ba as a proxy to 98 estimate local processes of POC remineralization in the Mediterranean Sea. 99 100
Experiment and methods 101

Study area 102
The whole water column was sampled for D_Ba along an east to west 103 transect across the Mediterranean Sea from off the coast of Lebanon to the Strait 104 of Gibraltar, enabling creation of a quasi-zonal section (M84/3 cruise, Istanbul to 105
Vigo, 5-28 April 2011, R/V Meteor) (Figure 1 ) (Tanhua et al., 2013a) . However, 106
the Sicily Channel could not be sampled due to political instability in the region. 107
Additionally, we present a short meridional section from the Adriatic Sea through 108 the Strait of Otranto to the Ionian Sea (later referred to as the Ionian section). The 109 period of the M84/3 cruise, April 2011, coincides with the end of the winter-110 spring bloom. The cruise was set up to follow the guide-lines of the GO-SHIP 111
Program (Global Ocean Ship Based Hydrographic Investigation Program), which 112 aims at creating a globally coordinated network of sustained hydrographic 113 sections as part of the global ocean/climate observing system. The principal 114 scientific objective for M84/3 was to understand and document large-scale 115
Mediterranean water property distributions, their changes and the drivers of those 116 changes. In particular, M84/3 focused on major shifts in the overturning 117 6 circulation of the Mediterranean basin which began at the end of the 1980s for the 118 EMed (Roether et al., 1996) properties and distribution is given in Tanhua et al. (2013b) and Hainbucher et al. 126 (2014) . Briefly, the following main water masses can be distinguished (see 127 potential temperature -salinity diagram in Fig.2 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Using the D_Ba concentration, temperature, pressure and salinity data 176 from the M84/3 cruise, we calculated the barite saturation index (SI) following the 177 procedures described by Monnin et al. (1999) and Monnin and Cividini (2006) . SI 178 is defined as the Q/K ratio, where Q is the ionic product of aqueous barium 179 sulphate, and K is the solubility product of barite. A saturation index value 180 between 0.9 and 1.1 is taken to represent equilibrium (Monnin et al., 1999) . 181
Waters are considered to be undersaturated for SI <0.9. 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Mediterranean cruises in the EMed (GEODYME data, Jeandel et al., pers. comm.) 233 and in the WMed (Bernat et al., 1972; Dehairs et al., 1987; van Beek et al., 2009) . 234
Previous MedSea data are however relatively scarce, with in general limited 235 vertical sampling resolution, preventing direct comparisons with the present data 236 set. D_Ba concentrations for the MedSea are also of the same order of magnitude 237 as values reported for the Atlantic sector (Chan et al., 1977) , the Indian and 238
Southern Oceans (Jeandel et al., 1996; Jacquet et al., 2004 , 2007 , Hoppema et al., 239 2010 and for the North Pacific (Dehairs et al., 2008 respect to barite everywhere, in contrast to the above-mentioned oceans where 244 saturation can be reached at certain locations (Monnin et al., 1999; Dehairs et al., 245 2008; Jacquet et al., 2008) . SI exhibits a maximum value at depths around 500 m. 246
Below these depths, the variations in D_Ba concentration and temperature are 247 small. The only factor affecting the SI value is pressure. The increase with 248 pressure of the barite solubility product (K) is much larger than the increase of the 249 aqueous barium sulphate ionic product (Q) which is proportional to the square of 250 water column D_Ba concentration is however reported at station #287 in the 285 southern Eagean Sea, nor further south at station #289 located in the area of 286 station #288 north-east of Crete (Fig.5e) . A particular situation is also encountered 287 at 21.5°E (station #301) where the highest D_Ba concentration (172 nmol kg -1 ) of 288 the whole dataset is found close to the "Atalante" brine lake, a water body with 289 very high salinity (up to 160) and anoxic conditions. It has been well established 290 that brines are highly concentrated in various elements (e.g. trace metals). 291
Extremely high D_Ba contents (up 670 nmol kg -1 ) resulting from sulphate salt EMed do not therefore reflect a higher export of Ba-rich particles to the seafloor, 295 benthic processes, nor a possible influence of Black Sea waters, but rather an 296 influence of the nearby brine lake. 297
The observed D_Ba variation with depth (surface depletion and depth 298 enrichment) is often referred to as a nutrient-like distribution. The precise 299 mechanism shaping this D_Ba distribution is still debated mainly because the 300 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 indicate that this transfer of Ba-rich particles is more important at 9°E in the 331
WMed and east of 25°E in the EMed (i.e. D_Ba contents >80 nmol kg -1 ). The 332 particulate and dissolved organic carbon (POC, DOC) dynamics in the MedSea 333 are relatively complex (Lefèvre et al., 1996; Santinelli et al., 2010; Lopez-334 Sandoval et al., 2011; Luna et al., 2012) . It is therefore difficult to discuss in detail 335 the link between the deep water column transfer of Ba-enriched particles and 336 sinking POC. 337 338
CONCLUSION 339
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Figure5
D_Ba is investigated along a high resolution and quasi-zonal transect in the MedSea.
The D_Ba content ranges from 38 to 85 nmol kg -1 with local deep D_Ba maxima reaching up to 172 nmol kg -1 !
The water column is largely undersaturated with respect to barite (0.2<SI<0.6).
The D_Ba distribution is impacted by the large-scale Mediterranean circulation and biogeochemical processes.
Local changes in the D_Ba patterns may be key to better constrain the C dynamics in the MedSea.!
